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Impact of surgeon and surgical center characteristics on choice
of permanent vascular access.
Background. The impact of the surgeon and surgical center
characteristics on choice of autogenous arteriovenous (AV)
fistula versus artificial AV graft as permanent vascular access
for hemodialysis has not been studied.
Methods. We used national data from the Department of
Veterans Affairs Veterans Health Administration to measure
the association of surgeon and surgical center characteristics
with choice of initial permanent vascular access among patients
undergoing their first vascular access placement procedure be-
tween October 1, 2000 and September 30, 2001 (fiscal year
2001). Data were analyzed using a hierarchical logistic regres-
sion model clustered for surgical center and surgeon.
Results. The study population included 1114 patients, 74
Veterans Administration Medical Centers, and 182 surgeons.
Seventy-two percent of patients received an AV fistula as their
initial form of permanent vascular access. After adjusting for
differences in patient, center, and surgeon characteristics, odds
of AV fistula placement at high volume centers (30 proce-
dures per year) were more than three times greater than at
low volume centers [odds ratio (OR) 3.26, 95% confidence
interval (95% CI) 1.37 to 7.75, P 0.008]. In addition, a strong
clustering effect was present at the level of the surgeon (OR
1.55, 95% CI 1.19 to 2.03, P  0.001) but not at the level
of the surgical center, indicating an association with surgeon
practice pattern.
Conclusion. Barriers to AV fistula placement can exist at the
levels of the surgeon and surgical center, respectively. Future
strategies to improve AV fistula placement rates should target
surgeons and surgical centers in addition to patients, nephrolo-
gists, and primary care providers.
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There are marked geographic variations in the preva-
lence and use of autogenous arteriovenous (AV) fistulas
compared to artificial AV grafts for hemodialysis within
the United States [1–4]. In addition, the overall propor-
tion of patients dialyzing with an AV fistula in this coun-
try is much lower than National Kidney Foundation Kid-
ney Disease Outcomes Quality Initiative (K/DOQI) targets
[5] and than rates reported for Europe and Japan [6].
In an attempt to understand such geographic varia-
tions in vascular access placement, many studies have
now addressed the association of patient characteristics
[2–4, 6, 7], nephrologist referral patterns [6] and dialysis
unit personnel preferences [8] with type of vascular ac-
cess in place or in use among prevalent and incident
dialysis patients. However, variation in patient case mix
and nephrologist referral patterns do not appear to fully
explain such national and international variations in vas-
cular access prevalence [3, 4, 6, 9] and other factors such
as the operating surgeon and surgical center may also
be important. Unfortunately, the aforementioned studies
(based at the level of the dialysis unit) did not lend
themselves to detailed data collection at the levels of
the vascular access surgeon and surgical center and thus
the impact of surgeon and surgical center level variables
on type of vascular access placed has not been carefully
explored on a national level.
We used national data from Department of Veterans
Affairs Veterans Health Administration to examine na-
tional patterns of initial permanent dialysis access place-
ment for a single fiscal year to examine the association
of surgeon and surgical center characteristics with type of
initial vascular access placed after adjustment for patient
characteristics. We hypothesized that, after adjusting for
patient characteristics, surgeon characteristics, such as
annual volume of procedures, years in practice, or surgi-
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cal specialty, and surgical center variables, such as annual
volume of vascular access procedures, presence of an
on-site dialysis unit, and regional location, would be asso-
ciated with whether a patient receives an AV fistula. We
also hypothesized that there might be a surgeon and/or
surgical center effect independent of the aforementioned
characteristics, indicating variation in individual surgeon
or surgical center practice pattern.
METHODS
Procedure code search
Our goal was to identify all initial (first in each pa-
tient’s lifetime) dialysis vascular access placement proce-
dures occurring in the Veterans Health Administration
during fiscal year 2001 (October 1, 2000 to September
30, 2001) by procedure code search of central Veterans
Health Administration inpatient and outpatient adminis-
trative databases [10]. We limited our search to initial
procedures because choice of subsequent procedures is
often complicated by details of patient vascular anatomy
and clinical status that are not easily measured. We
searched inpatient and outpatient databases for the first
occurrence of any access-related Current Procedural
Terminology (CPT) codes [11] (for outpatient proce-
dures) and International Classification of Disease, 9th
revision (ICD-9) codes [12] (for inpatient procedures)
occurring from fiscal years 1994 to 2001 (Table 1), select-
ing all first procedures for fiscal year 2001 as the study
population. We adopted a broad search strategy in order
to accommodate procedure miscoding and capture as
many initial placement procedures as possible (based
on the assumption that none of these codes should be
applicable until the time of initial vascular access place-
ment).
Chart review
Electronic medical records, including operative notes
for all patients identified in procedure code search, were
requested from Veterans Administration Medical Cen-
ters across the country using the Patient Data Exchange
option in the Veterans Health Administration’s compu-
terized information system, known as the Veterans
Health Information System Technology Architecture
(VISTA) [13]. Once obtained, we used the medical re-
cord to validate procedure type (AV fistula vs. AV graft)
and to definitively exclude patients who had undergone
prior initial vascular access placement either within or
outside the Veterans Health Administration before fiscal
year 2001, those undergoing other procedures miscoded
as vascular access placement procedures, and the small
number of patients for whom the procedure date re-
corded in the medical record did not agree with the date
recorded in the administrative database and fell outside
the study period. We also used the medical record to
determine patient comorbidity, age, gender, race, and
dialysis status at the time of vascular access placement,
and to identify the attending surgeon for the procedure.
Chart review was conducted independently by two coau-
thors (A.O. and D.N.). Discrepancies were resolved by
consensus.
Ascertainment of medical centers and
surgeon characteristics
Hospital procedure volume was determined by count-
ing the number of first vascular access procedures oc-
curring at each medical center during the study period.
This variable was divided into volume increments of 10
procedures per year to include the range of center vol-
umes encountered. Centers were grouped by their loca-
tion in one of the four census regions: Northeast, South,
Midwest, or West. Centers with onsite chronic hemodial-
ysis units were identified from information published on
the Department of Veterans Affairs web site by Patient
Care Services (www.va.gov/kidneydp).
Surgeon-specific procedure volume was determined
by counting the number of first vascular access proce-
dures each surgeon performed during the study period.
This variable was divided into four categories to reflect
the range of surgeon procedure volumes encountered.
Surgeon year of medical school graduation and self-de-
clared surgical specialty were obtained from the Ameri-
can College of Surgeons’ (ACS) Web site (http://web.
facs.org) or, for non-ACS members, from the relevant
state medical board. Years of experience at study initia-
tion was calculated by subtracting the year of medical
school graduation from the year 2000 and was catego-
rized into those with 10 years of experience (most
surgeons do not reach attending level until 6 years after
medical school graduation) and 5-year increments there-
after. Surgeon specialty was coded as vascular surgery
versus other. Surgeon gender was determined based on
surgeon first name. The study was approved by the Insti-
tutional Review Board for the University of California,
San Francisco and the San Francisco Veterans Affairs
Medical Center.
Statistical analysis
We examined the association of the outcome [type of
initial procedure (i.e., AV fistula versus AVgraft)] with
the surgeon and surgical center characteristics after ad-
justing for patient characteristics. In order to incorporate
surgeon and surgical center level variables into the statis-
tical model and to accommodate the possibility that pro-
cedures performed by a single surgeon or at a single
medical center may not be independent, we used hierar-
chical logistic regression analysis clustered at the levels
of the medical center and attending surgeon, respec-
tively. To accommodate the two levels of clustering, we
used the GENMOD procedure in SAS (SAS Institute,
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Table 1. Terms used for procedure code search and codes assigned to procedures included in the study sample
Procedure type in the medical record
Procedure code in the administrative database Number of initial procedures
CPT code ICD-9 code Code description AV fistula AV graft
36800 Insertion of cannula (venous-venous) insertion 5 3
36810 Insertion of cannula (AV, Scribner type) insertion 7 6
36820* AV anastomosis (Cimino type) insertion 0 0
36821 AV anastomosis (Cimino type) insertion 401 18
36825 Creation of AV fistula, autogenous graft insertion 80 13
36830 Creation of AV fistula, nonautogenous graft insertion 32 124
36835 Insertion of Thomas Shunt–permanent access 0 0
35190 Repair AV fistula, extremities revision/removal 1 0
35876 Thrombectomy of graft, with revision; revision/removal 0 0
35900* Excision of infected graft–extremities; revision/removal 0 0
35903 Excision of infected graft–extremities; revision/removal 0 0
35910* Excision of infected graft–extremities; revision/removal 0 0
36815* Revision of AV fistula revision/removal 3 1
36832 Revision of AV fistula revision/removal 6 2
36834 Plastic repair of AV aneurysm revision/removal 0 0
37190* Plastic repair of AV aneurysm revision/removal 0 0
37607 Ligation or banding of AV fistula; revision/removal 0 0
35875 Thrombectomy of arterial or venous graft declot 1 1
36860 Cannula declot, without balloon catheter declot 1 1
36861 Cannula declot, with balloon catheter declot 0 1
01784 Anesthesia, congenital or acquired AV fistula anesthesia 2 1
01844 Anesthesia, shunt or revision anesthesia 40 11
39.27 Arteriovenostomy for renal dialysis 196 105
39.42 Revision of AV shunt for renal dialysis 5 4
39.43 Removal of AV shunt for renal dialysis 0 4
39.93 Insertion of vessel-to-vessel cannula 25 14
Abbreviations are: CPT, Current Procedural Terminology; ICD, International Classification of Disease; AV, arteriovenous. CPT codes are used for outpatient
procedures and ICD-9 codes are used for inpatient procedures.
*Retired codes.
Inc., Cary, NC, USA) to perform alternating logistic
regression analysis [14]. This method alternately fits a
logistic regression equation to the responses and a model
for the pair-wise odds ratios for observations in the same
center. The model for the pair-wise odds ratios is struc-
tured to accommodate clustering at the level of the sur-
geon in addition to the surgical center. Several center and
surgeon related variables (center and surgeon procedure
volume, surgeons per center, and surgeon years of train-
ing) were entered into the model as categorical variables
as described above in order to accommodate nonlinear
relationships while still providing a concrete and easily
interpretable description of the association of these vari-
ables with the outcome.
RESULTS
Study population
Figure 1 shows the derivation of the study population.
Administrative database search of vascular access–
related procedure codes yielded 2020 unique patients
for fiscal year 2001. Medical records were returned for
1743 (86%) of these patients. Among these, we identified
1367 true first vascular access procedures, 139 patients
who had undergone prior access placement either out-
side the Veterans Health Administration or prior to the
search period (for whom the procedure listed was there-
fore not an initial procedure), and 237 patients who ei-
ther underwent other procedures that were miscoded as
dialysis access placement or for whom the chart-recorded
date of first access placement occurred later than the
date recorded in the administrative database and was
after September 30, 2001 (the end of the study period).
The attending surgeon could be determined for 82%
(1114) of the 1367 patients undergoing initial vascular
access placement. The study population consisted of
these 1114 patients cared for at 74 Department of Veter-
ans Affairs’ Medical Centers by 182 individual surgeons.
An operative note was available for 94% of initial vascu-
lar access procedures performed on study patients.
Patient, center, and surgeon characteristics
Table 2 shows the characteristics of the analytic sam-
ple. Mean patient age was 64 years, 99% were male, and
43% were African American. Fifty-eight percent had
diabetes, 93% had a history of hypertension, 36% had
coronary artery disease, 28% had a history of congestive
heart failure, 24% had peripheral vascular disease, and
18% had cerebrovascular disease.
Of the 1114 patients in the study sample, 72% had
an AV fistula as their initial permanent vascular access
procedure. This figure ranged from 17% to 100% among
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Fig. 1. Derivation of study sample.
medical centers and from 0% to 100% among surgeons.
Table 1 shows how initial vascular access procedures
were coded in the administrative database for study pa-
tients. Most inpatient initial permanent access placement
procedures were coded under ICD-9 codes 39.27 (arte-
riovenostomy for renal dialysis) or 39.93 (insertion of a
vessel-to-vessel cannula) and these codes were used for
both AV fistulas and AV grafts. Most outpatient initial
placement procedures were coded under CPT codes
36821 [AV anastomosis (cimino type) insertion], 36825
(creation of an AV fistula, autogenous graft insertion),
and 36830 (creation of an AV fistula, nonautogenous
graft insertion). CPT codes distinguished better than
ICD-9 codes between initial AV fistula and AV graft
placement in the study sample, but discrepancies be-
tween coding and chart abstraction were still present.
Furthermore, some original placement procedures were
miscoded as revision procedures.
Table 2 shows that only 51% of initial vascular access
procedures took place prior to initiation of dialysis. By
census region, the South included the largest number
of medical centers performing access procedures. Most
centers (67%) performed 20 initial vascular access proce-
dures or fewer annually, but 11% performed over 30.
The number of surgeons per center ranged from one to
six with most (76%) having three or fewer. Most centers
(73%) had a chronic dialysis unit on site. Most surgeons
were male (92%) and most were vascular surgeons
(58%). The level of surgical experience ranged from10
years (16%) to more than 25 years (29%). Most surgeons
(59%) performed five initial access procedures per year
or fewer and only 4% performed more than 20.
Regression analysis
Table 3 shows the association of patient-, center-, and
surgeon-related variables with AV fistula placement in
multivariate hierarchical logistic regression analysis clus-
tered at the levels of the surgical center and attending
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Table 2. Characteristics of the study sample
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aStandard deviation. Percentages may not add up to 100% due to rounding.
surgeon, respectively. Odds of AV fistula placement
were over three times as high at high-volume centers
(30 procedures per year) compared to low-volume cen-
ters (10 procedures per year). The odds of AV fistula
placement increased progressively by hospital volume
category (P for trend 0.012). A strong clustering effect
was apparent at the level of the surgeon [odds ratio (OR)
1.55, 95% confidence interval (95% CI) 1.19 to 2.03, P
0.001]. This finding suggests that there were differences
in access placement patterns between individual sur-
geons that were not explained by differences in patient
characteristics or in the specific surgeon or center charac-
teristics examined in the model. On the other hand, no
statistically significant surgical center effect was detected
(OR 1.14, 95% CI 0.84 to 1.55, P  0.40). Finally, at the
patient level, female gender (OR 0.14, 95% CI 0.05 to
0.44, P  0.001), African American race (OR 0.72, 95%
CI 0.52 to 0.99, P  0.046), and placement at the time
of, or after initiation of dialysis (OR 0.70, 95% CI 0.51
to 0.97, P 0.032), were associated with decreased odds
of AV fistula placement.
DISCUSSION
We report an association between surgeon practice
pattern and surgical center volume with initial choice of
permanent vascular access in a cohort of all veterans
undergoing this procedure in a single fiscal year. The
present analysis differs from prior national and interna-
tional studies of determinants of permanent vascular ac-
cess [2, 3, 6–8] in several respects. First, whereas previous
studies have relied on data collected for individual pa-
tients at the dialysis unit level, we collected data for
individual patients at the surgical center and surgeon
levels, respectively. This approach allowed us to collect
detailed data on the surgical procedure performed, on
the operating surgeon, and on surgical center characteris-
tics, in addition to baseline patient characteristics, where-
as prior studies have focused primarily on the association
of patient characteristics with type of access. While the
Dialysis Outcomes and Practice Patterns Study (DOPPS)
examined the association between choice of procedure
and presence or participation of a surgical trainee in
the vascular access procedure [6], this analysis did not
explore surgical center–related variables or the range of
surgeon characteristics examined here and was restricted
to surgeries performed on study patients rather than all
surgeries performed by a particular surgeon or surgical
team. Second, related to this last point, our study was
not restricted to incident or prevalent dialysis patients,
but included all patients undergoing initial vascular ac-
cess placement procedures in the Veterans Health Ad-
ministration during a single fiscal year [and therefore
included both pre-end-stage renal disease (ESRD) and
ESRD patients]. Finally, the outcome adopted for the
present analysis (type of first access placed) is not strictly
equivalent to the outcomes used in prior studies (these
have included type of access in place [4, 7], type of access
in use [3, 6, 8], and type of access last used [9]).
Prior studies at single hospitals have drawn attention
to the importance of the operating surgeon in determin-
ing survival of permanent vascular access devices [6, 15,
16] but an association of surgeon practice pattern and
choice of vascular access type has not been previously
reported. While no specific surgeon characteristics in-
cluded in the model were associated with AV fistula
placement, we found that individual surgeon practice
pattern was a powerful determinant of type of permanent
vascular access first placed. We do not know what it is
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Table 3. Hierarchic logistic regression model for odds of arteriovenous (AV) fistula placement as the initial form of permanent vascular
access for dialysis
Patient-related variables Odds ratio (95% CI) P value
Age (per 10-year increase) 0.92 (0.81, 1.05) 0.21
Female patient gender 0.14 (0.05, 0.44) 0.001
African American race (vs. non-African American race) 0.72 (0.52, 0.99) 0.046
Dialysis dependent at time of first access placement 0.70 (0.51, 0.97) 0.032
History of diabetes 0.79 (0.58, 1.07) 0.13
History of hypertension 0.99 (0.53, 1.85) 0.98
History of coronary artery disease 0.81 (0.58, 1.13) 0.22
History of congestive heart failure 0.79 (0.57, 1.10) 0.16
History of peripheral vascular disease 1.24 (0.88, 1.75) 0.21
History of cerebrovascular disease 0.89 (0.64, 1.25) 0.51
Center-related variables
Center census region
West 1.00 (Referent) Referent
Northeast 0.82 (0.47, 1.43) 0.48
South 0.70 (0.43, 1.14) 0.15
Midwest 1.05 (0.54, 2.03) 0.89
Center volume (number of initial procedures/year)
10 1.00 (Referent) Referent
11–20 1.46 (0.75, 2.87) 0.27
21–30 1.77 (0.79, 3.99) 0.17
30 3.26 (1.37, 7.75) 0.008
Surgeons per center
1 1.00 (Referent) Referent
2 0.62 (0.29, 1.32) 0.21
3 0.75 (0.33, 1.68) 0.48
4 0.68 (0.31, 1.51) 0.34
Chronic dialysis unit onsite 0.70 (0.35, 1.41) 0.32
Surgeon-related variables
Male surgeon gender 0.70 (0.37, 1.32) 0.27
Vascular surgeon (vs. other) 1.03 (0.67, 1.57) 0.91
Years of experience
10 1.00 (Referent) Referent
11–15 0.73 (0.41, 1.31) 0.29
16–20 0.65 (0.35, 1.21) 0.18
21–25 0.63 (0.30, 1.31) 0.21
25 1.16 (0.58, 2.30) 0.68
Surgeon volume (number of procedures/year)
1–5 1.00 (Referent) Referent
6–10 0.99 (0.65, 1.51) 0.97
11–20 0.85 (0.49, 1.47) 0.56
20 0.70 (0.33, 1.48) 0.35
Clustering effects
Surgeon 1.55 (1.19, 2.03) 0.001
Surgical center 1.14 (0.84, 1.55) 0.40
about particular surgeons that could explain the ob-
served association with AV fistula placement, except that
this association is independent of other surgeon charac-
teristics examined in the present analysis. Structural as-
pects of clinical practice such as better dissemination
of guidelines within the surgical community and more
communication between surgeons and nephrologists
may be important, but our data cannot address this rela-
tionship.
This is the first study to report an association of vascu-
lar access type with hospital volume. Patients undergoing
vascular access placement at centers performing 30
initial procedures annually were more than three times
as likely to receive an AV fistula as those at centers
performing 10 procedures per year. While many stud-
ies have demonstrated an inverse association between
hospital volume and patient mortality across a variety
of surgical procedures [17, 18], little is understood about
the processes of care in place at high volume centers
that might explain this association [19]. The association
of surgical volume with choice of vascular access proce-
dure may reflect the existence of superior processes of
care at high-volume centers. Alternatively, this associa-
tion may reflect a “practice makes perfect” phenomenon,
whereby surgeons who perform a greater number of
procedures develop a greater level of skill. While we
did not find an association between surgeon volume of
vascular access procedures and choice of procedure, the
present analysis does not exclude this possibility. Be-
cause many surgeons also hold non-Veterans Affairs ap-
pointments, volume of initial vascular access procedures
performed by an individual surgeon in the present analy-
sis may not indicate overall volume for that surgeon.
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The overall rate of AV fistula placement (72%) re-
ported here for the Veterans Health Administration far
exceeds the K/DOQI target of 50% AV fistula place-
ment [5]. While Collins et al [20] have reported increas-
ing overall rates of AV fistula placement among Medi-
care beneficiaries in recent years, there have been no
equivalent national studies of rates of initial AV fistula
placement that can be compared to the present study.
Comparable rates have only been reported previously
for single hospitals with successful policies to increase
AV fistula placement [15, 16, 21, 22]. While a relatively
high rate of AV fistula placement would be expected in
this predominantly male population, the rate reported here
for the Veterans Health Administration is nevertheless
striking because the population studied here was older than
the overall United States hemodialysis population and with
a higher prevalence of comorbidities that may preclude
placement of AV fistulas [23]. The present study raises
important questions about the respective roles of health
care system-wide reimbursement and administrative
practices (e.g., central Department of Veterans Affairs
directives) in influencing patterns of vascular access
placement. With respect to the potential impact of reim-
bursement practices, current Medicare provider fee
schedules favor AV graft over AV fistula placement. For
example, 2002 provider reimbursement for CPT code
36830 (AV graft) was almost 30% higher than for CPT
code 36821 (AV fistula) ($704.44 versus $540.45) (http://
www.cms.hhs.gov/providers/pufdownload/rvudown.asp).
In addition, overall access-related costs under Medicare
during the first year after AV graft placement are higher
than after AV fistula placement [24]. Within the Veter-
ans Health Administration, it is certainly possible that
the absence of provider incentives toward AV graft
placement has facilitated the high AV fistula placement
rate seen in the present study.
The present analysis also demonstrates that in a na-
tional cohort of patients undergoing initial permanent
vascular access placement in the Veterans Health Ad-
ministration, African American patients and women
were less likely to have an AV fistula placed as their
initial form of permanent vascular access. These results
are consistent with prior studies outside the Veterans
Health Administration showing both lower AV fistula
prevalence [3] and placement rates in these groups
[25–27], although it is important to note that women
represented only 1% of the sample in the present study.
While the lower initial AV fistula placement rates re-
ported here for women and African American patients
(even after adjustment for timing of vascular access
placement) might reflect gender and racial differences in
vascular anatomy precluding higher levels of AV fistula
placement in these groups [1–3], this could also reflect
race- or gender-specific preferences (perhaps at either
the patient, nephrologist, or surgeon levels) with respect
to vascular access choice as reported for other surgical
procedures [28, 29].
Late placement of permanent vascular access at the
time of or after initiation of dialysis was also associated
with lower odds of AV fistula placement. Furthermore,
while we found high Veterans Health Administration–
wide rates of AV fistula placement, rates of predialysis
permanent access placement were low in this cohort,
with almost 50% of initial vascular access procedures
occurring at the time of or after initiation of dialysis.
These findings are consistent with data from outside the
Veterans Health Administration showing low rates of
pre-dialysis permanent vascular access placement [30]
and identify timing of access placement as an important
target area for efforts intended to improve the overall
quality of dialysis vascular access care.
Sidawy et al [31] have drawn attention to the need for
uniform terminology in the field of vascular access for
hemodialysis. The present analysis identifies several
problems specifically with vascular access procedure cod-
ing. First, ICD-9 procedure code terminology does not
include clearly separate codes for AV fistulas and AV
grafts and thus cannot be reliably used alone to deter-
mine type of permanent vascular access. Second, while
the CPT system does include separate terms for AV
fistulas and AV grafts, in our data set, we noted substan-
tial procedure miscoding under this system. While mis-
classification may be less of a concern outside the Veter-
ans Health Administration (where procedure coding
may be more accurate due at least in part to differences
in reimbursement structure), our findings suggest a need
for validation studies to measure the accuracy of proce-
dure codes whenever administrative data are used to
determine type of permanent vascular access.
Use of Department of Veterans Affairs data is both
a strength and limitation of the present analysis. Due to
the completeness of data capture within the Department
of Veterans Affairs, we were able to include both inpa-
tient and outpatient procedures. Many databases do not
lend themselves to this kind of analysis because they do
not include outpatient procedures. Also, in contrast to
studies limited to administrative data, this analysis was
able to identify procedure miscoding because detailed
medical records were available electronically and were
used to exclude miscoded cases from the analysis. Finally,
unlike prior studies that have been limited to data col-
lected at the level of the dialysis unit, we were able to
collect data at the level of the surgical center and individ-
ual surgeon.
However, the present study has several limitations.
First, the Veterans Health Administration represents a
unique health care environment with a patient popula-
tion and incentive structure that are not comparable
to any other system and thus our results may not be
generalizeable to other practice settings. However, sev-
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eral of our findings (i.e., lower odds of AV fistula place-
ment in women and African American patients) are con-
sistent with studies in non-veteran populations. Second,
we were unable to control for obesity or body mass index
(BMI) because these data could not be reliably collected
from the medical record for most patients. This is impor-
tant because African American patients initiating dial-
ysis have a higher mean BMI than non-African Ameri-
can patients [32] and, thus, the association of African
American race with AV fistula placement reported here
could reflect confounding by BMI. Finally, due to the
limitations of our data, it was not possible to include
in the analysis several potentially important aspects of
surgical care that may influence choice of vascular access.
For example, we could not consistently and reliably de-
termine from the medical record whether a surgical
trainee was present at a given procedure or their level
of participation in that procedure. We also lacked data
on surgeon place of residency training and the presence
of a vascular access coordinator at each site. Collection
of these data elements would be important in any future
prospective study.
CONCLUSION
This study demonstrates high rates of initial AV fistula
placement in the Veterans Health Administration far
exceeding current K\DOQI targets. After adjusting for
patient, surgeon, and center characteristics, individual
surgeon practice pattern and high center volume of initial
vascular access procedures were strongly associated with
AV fistula (versus AV graft) placement.
These findings suggest that barriers to AV fistula
placement can exist at the surgeon and surgical center
levels as well as at the patient level and suggest the possi-
bility that surgeons and surgical centers should be spe-
cifically targeted in efforts to increase AV fistula place-
ment. Our findings also underline the need for efforts
to promote timely placement of vascular access.
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